Introduction The influence of hepatitis C virus (HCV) infection on long-term outcomes of patients with acute myocardial infarction (AMI) is unclear. Therefore, this study aimed to analyse the impact of HCV infection on 12-year mortality rates after AMI using data from the Taiwan National Health Insurance Research Database (NHIRD). Methods NHIRD data for approximately 23 000 000 patients between January 2000 and December 2012 were analysed. A total of 186 112 cases of first AMI admission were identified. A total of 4659 patients with HCV infection not receiving interferon therapy were enrolled and divided into those with (n=107) or without (n=4552) cirrhosis. Using one-to-one matching, 4552 matched controls were included in the final analysis. results The 12-year mortality rate was significantly higher in patients with AMI with HCV infection and cirrhosis than in those with HCV infection but without cirrhosis (P<0.0001) or controls (P<0.0001). Patients with HCV infection but without cirrhosis had significantly higher long-term mortality rates than the matched controls (P<0.0001). The HR for mortality was higher in patients with HCV infection (HR 1.12; 95% CI 1.06 to 1.18). HCV influenced outcomes among the subgroups of patients who were male (HR 1.15) and those who had hypertension (HR 1.14). Conclusions HCV infection influenced the 12-year mortality rates of patients with AMI, especially those who were male and those who had hypertension. Cirrhosis further increased the long-term mortality rates of patients with AMI with HCV infection.
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Introduction The influence of hepatitis C virus (HCV) infection on long-term outcomes of patients with acute myocardial infarction (AMI) is unclear. Therefore, this study aimed to analyse the impact of HCV infection on 12-year mortality rates after AMI using data from the Taiwan National Health Insurance Research Database (NHIRD).
Methods NHIRD data for approximately 23 000 000 patients between January 2000 and December 2012 were analysed. A total of 186 112 cases of first AMI admission were identified. A total of 4659 patients with HCV infection not receiving interferon therapy were enrolled and divided into those with (n=107) or without (n=4552) cirrhosis.
Using one-to-one matching, 4552 matched controls were included in the final analysis. results The 12-year mortality rate was significantly higher in patients with AMI with HCV infection and cirrhosis than in those with HCV infection but without cirrhosis (P<0.0001) or controls (P<0.0001). Patients with HCV infection but without cirrhosis had significantly higher long-term mortality rates than the matched controls (P<0.0001). The HR for mortality was higher in patients with HCV infection (HR 1.12; 95% CI 1.06 to 1.18) . HCV influenced outcomes among the subgroups of patients who were male (HR 1.15) and those who had hypertension (HR 1.14).
Conclusions HCV infection influenced the 12-year mortality rates of patients with AMI, especially those who were male and those who had hypertension. Cirrhosis further increased the long-term mortality rates of patients with AMI with HCV infection.
IntroduCtIon
Acute myocardial infarction (AMI), one of the leading causes of death among men and women in Taiwan and worldwide, is now becoming increasingly more common in developed countries. 1 The coronary arteries of patients with AMI have lipid-rich cores after atherosclerosis plaque rupture that induce the formation of unstable platelet aggregates following an intermittent reduction in coronary flow and distal embolisation. 2 3 Despite advances in revascularisation and medications, AMI can still trigger lethal arrhythmia, haemodynamic instability or death. Therefore, assessing the risk factors of clinical outcomes after AMI remains an important research topic. [4] [5] [6] [7] Infection has been hypothesised as a contributing risk factor of coronary artery disease (CAD). 8 9 Several direct and indirect mechanisms have been proposed to explain the association between infectious agents and coronary heart disease. [9] [10] [11] An estimated 2%-3% of the global population is infected with the hepatitis C virus (HCV). 12 HCV infection was proposed to be associated with endothelial dysfunction, 13 atherosclerosis, 10 Open Access artery disease 20 and stroke. 21 22 However, the association between HCV infection and CAD remains controversial. [23] [24] [25] [26] [27] Previous studies showed an association between the HCV core protein and carotid atherosclerosis 18 as well as between HCV seropositivity and CAD. 10 28 29 However, in a study of active-duty military personnel with a high prevalence of HCV infection, no association was found between HCV seropositivity and AMI. 9 Additionally, other studies reported no association between HCV infection and CAD, 30 carotid plaques 31 or the risk of incident myocardial infarction. 32 33 A recent study showed that patients with HCV infection had less obstructive CAD on coronary angiography. 34 Furthermore, the influence of HCV infection on the long-term outcomes of patients after AMI is unclear.
The present study aimed to analyse the impact of HCV infection on 12-year mortality after AMI using data from the Taiwan National Health Insurance Research Database (NHIRD).
MAterIAl And Methods
The National Health Insurance (NHI) programme in Taiwan has financed the healthcare of more than 99% of its residents since 1995. NHIRD includes detailed information from the medical records of patients admitted to hospitals, including their age, sex, diagnosis, prescriptions, interventions and relevant survival data.
All patients who were admitted to hospitals with the main diagnosis of AMI (International Classification of Diseases, ninth edition, Clinical Modification (ICD-9-CM) codes 410-410.92) between January 2000 and December 2012 were identified from NHIRD, which includes data for approximately 23 000 000 patients. Among these patients, those with a history of admission for AMI, whose sex was undetermined or who were <18 years of age were excluded, and a total of 186 112 unique cases of AMI were identified (online supplementary figure).
Of figure) .
Of the 4666 patients with AMI with HCV infection, those who had ever received interferon therapy were excluded to minimise the variables. Therefore, a total of 4659 patients with HCV infection were enrolled and further divided into those with (n=107) and those without (n=4552) liver cirrhosis. To minimise baseline differences between the AMI cohort with HCV infection but without liver cirrhosis and the control group, a propensity score-matching technique was used. One-to-one matching was performed using the following variables: sex, age, hypertension (IDC-9-CM codes 401-405), dyslipidaemia (IDC-9-CM code 272), peripheral vascular disease (ICD-9-CM codes 443.9, 441, 441.9, 785.4 and V43.4 or procedure code 38.48), diabetes mellitus (ICD-9-CM code 250), heart failure (ICD-9-CM code 428), previous stroke (ICD-9-CM codes 430-437 and A290-A294), end-stage renal disease (ESRD; ICD-9-CM code 585), chronic obstructive pulmonary disease (ICD-9-CM codes 491, 492 and 496), and percutaneous coronary intervention (PCI, CD-9-CM procedure codes 36.0, 36.01, 36.02, 36.05, 36.06 and 36.09). The data from 4552 patients with AMI with HCV infection but without liver cirrhosis and from 4552 matched controls were included in the final analysis (online supplementary figure) .
For the outcome analysis, survival was defined as the time interval from the hospital admission date to the NHI coverage end date. Since the NHI premium is paid monthly, coverage can easily be discontinued at the time of death. Thus, the end date of NHI coverage is a valid proxy for mortality, which had a maximum error of 1 month. [35] [36] [37] [38] [39] statistical analysis SAS software (V.9.4; SAS Institute, Cary, North Carolina, USA) was used to extract and analyse the data. Descriptive statistics were calculated for all variables, with categorical data reported as percentile values and continuous data reported as mean and SD. The paired t-test was used to compare continuous variables and the χ 2 test was used to compare categorical variables among the groups. HRs, CIs and P values from Cox proportional hazards regression models are presented. Kaplan-Meier cumulative survival curves were constructed to compare survival among the groups. P values <0.05 were considered statistically significant.
results

Characteristics of the study group
The characteristics of the 4552 patients with HCV infection but without cirrhosis and the 4552 patients in the control group are presented in table 1. The primary demographic variables of age, male to female distribution and comorbidities were comparable among the groups. Additionally, the medications used were comparable among the groups except for antiplatelet medications (P=0.0005) and statins (P=0.0323), which were used more often in the control group than in the HCV-infected group (table 1). The proportion of patients who underwent PCI was comparable between the HCV-infected without liver cirrhosis group (42.95%) and the control group (43.23%; P=0.7832), independent of the sex or age subgroup (table 1) .
Compared with group 1 (matched control group) and group 2 (patients with HCV infection without cirrhosis group), the 107 patients with AMI with HCV infection and liver cirrhosis had a lower male ratio, lower prevalence of dyslipidaemia and higher prevalence of diabetes Open Access mellitus. Additionally, the medications used were significantly lower in group 3 than in the other two groups, including antiplatelet, ACE inhibitors (ACEI) or angiotensin receptor blockers (ARBs), statins, β-blockers, calcium channel blockers, heparin and nitrate. The proportion of patients who underwent PCI was lower in the liver cirrhosis group than in groups 1 and 2.
outcome analysis
The 12-year survival rate was significantly lower in patients with AMI with HCV infection and liver cirrhosis than in those with HCV infection but without liver cirrhosis (log-rank, P<0.0001) and control group (log-rank, P<0.0001). Furthermore, patients with AMI with HCV infection but without liver cirrhosis had significantly Open Access lower long-term survival rates than the matched AMI controls (log-rank, P<0.0001).
In the subgroup analysis, the patients with AMI with liver cirrhosis had lower long-term survival rates than the control group and the patients without cirrhosis regardless of sex, age or PCI status (figure 1). Among the male patients, the mortality rate was lower among the matched controls than among the patients without cirrhosis (log-rank, P<0.0001; figure 1), those with younger age (log-rank, P<0.0001; figure 1) , those who underwent PCI (log-rank, P<0.0001; figure 1 ) and those who did not undergo PCI (log-rank, P=0.0003; figure 1) . However, the 12-year survival rate was comparable between the HCV group without cirrhosis and the AMI control group for female (log-rank, P=0.1049; figure 1 ) and elderly patients (log-rank, P=0.4145; figure 1) .
A Cox proportional hazards regression analysis was performed to evaluate the impact of factors including sex, age, comorbidities, PCI, HCV infection, and antiplatelet and statin use on the survival of patients admitted for a first AMI ( In further gender subgroup analyses, HCV infection was found to influence the outcomes of male patients but not female patients (HR 1.07; 95% CI 0.99 to 1.17) (figure 2). HCV infection also did not impact the outcomes of patients without hypertension (HR 1.06; 95% CI 0.95 to 1.17), with peripheral vascular disease (HR 1.06; 95% CI 0.87 to 1.31), with cerebrovascular accidents (HR 1.06; 95% CI 0.97 to 1.17) or with chronic obstructive pulmonary disease (HR 1.01; 95% CI 0.90 to 1.14) (figure 2).
dIsCussIon
The present study showed that HCV infection influences the 12-year outcome of patients with AMI. To our knowledge, no previous study examined the impact of HCV infection on long-term outcomes after AMI. This study also showed that the survival rate was lower among patients with AMI with HCV infection and liver cirrhosis. Furthermore, HCV infection influenced longterm mortality among the subgroups of patients who were male and had hypertension.
Some studies did not identify an association between HCV seropositivity and myocardial infarction. 9 32 However, the previous study population 9 included young healthy men (age <50 years) from the US military, which limited the interpretation and generalisability of the results. Another study reported that HCV infection did not increase the risk of incident myocardial infarction among a large sample of patients from the UK. 32 The results of the present study are consistent with those of previous studies that linked HCV seropositivity with carotid 10 40 or coronary atherosclerosis. 18 Our study included data from NHIRD and evaluated only those patients with first AMI. Additionally, the percentage of elderly patients was comparable between the HCV group (65.42%) and the control group (66.21%). Previous studies mainly investigated the prevalence of coronary events in patients with hepatitis. 9 32 However, our study investigated whether HCV infection influences the outcomes of patients after AMI, which makes it unique.
Tsai et al 19 recently showed that the risk of developing acute coronary syndrome was greater in patients with HCV than in those without HCV and that the risk was the highest in middle-aged patients. This previous study focused on the influence of HCV infection on the development of acute coronary syndrome, while our study focused on the influence of HCV infection on the outcomes of patients after AMI. Furthermore, the study by Tsai et al 19 showed that comorbidities such as hypertension, diabetes and dyslipidaemia were more likely to be present in patients with HCV than in those without HCV, which might be attributable to the higher acute coronary syndrome risk in these patients. However, these authors matched only patient age and sex. Using a propensity score-matching technique, our analyses controlled for several established cardiovascular risk factors and other important confounding variables that might influence patient outcomes after AMI, including sex, age, hypertension, dyslipidaemia, peripheral vascular disease, diabetes mellitus, heart failure, previous stroke, ESRD, chronic obstructive pulmonary disease and PCI. Therefore, our study ensured similar baseline characteristics among groups. Our exclusion criteria were also very strict. Patients with hepatitis, liver cirrhosis or other liver diseases were excluded from the HCV infection without cirrhosis and control groups. These exclusions were not mentioned in the study by Tsai et al. 19 Considering these factors, our study accurately analysed the influence of HCV infection on patient outcomes after AMI.
A previous study analysed data from acute care hospitals across the USA in 1999 and 2009 and showed higher inhospital mortality rates in patients with ST elevation myocardial infarction with cirrhosis compared with patients without cirrhosis. 41 Our study also showed that patients with HCV with cirrhosis had significant higher mortality rates than those without cirrhosis, which was consistent with the study in the USA. 41 Unlike those studies, our study focused on HCV-related cirrhosis and further showed the impact of cirrhosis on longterm (12-year) outcomes. The higher mortality rates in patients with cirrhosis in this study might have resulted from more cases of diabetes mellitus, lower PCI rates and Figure 1 The 12-year Kaplan-Meier survival curves after the first AMI among the control group and the patients with HCV and those without liver cirrhosis (panel A). Panel B shows the survival curve of the male subgroup. Panel C shows the survival curve of the female subgroup. The patients with liver cirrhosis had lower long-term survival rates than the control group and the male and female patients without cirrhosis. Additionally, the male patients with AMI with HCV but without cirrhosis had higher mortality rates than the matched controls (log-rank, P<0.0001). However, there was no difference in long-term mortality rates between female patients in the HCV group and those in the control group (log-rank, P=0.10492). Further subgroup analysis by age and PCI was also demonstrated. Panel D shows the survival curve of the younger patients (age <65 years) subgroup. Panel E shows the survival curve of the elderly patients (age ≥65 years) subgroup. Panel F shows the survival curve of the PCI subgroup. Panel G shows the survival curve of the non-PCI subgroup. The patients with liver cirrhosis had lower long-term survival rates than those in the control group or those without cirrhosis in the younger patient (age <65 years), elderly patient, and PCI or non-PCI subgroups. The mortality rate was lower in the matched controls than in patients with HCV but without cirrhosis in the younger (log-rank, P<0.0001), PCI (log-rank, P<0.0001) and non-PCI (log-rank, P=0.0003) subgroups. However, the 12-year survival rates were comparable between elderly patients in the HCV and control groups (log-rank, P=0.4145). AMI, acute myocardial infarction; HCV, hepatitis C virus; PCI, percutaneous coronary intervention.
Open Access less use of medications, including antiplatelets, ACEIs or ARBs, statins and β-blockers, and HCV infection itself with or without liver cirrhosis. Other than HCV infection, the PCI intervention and life-saving medication were well-recognised prognostic factors, which influence longterm outcomes through numerous facets, which were also shown in table 2. First, the revascularisation might save cardiac muscle for better residual cardiac function. 42 Second, prescription of antiplatelets may provide better coronary artery protection. 43 Third, medication such as ACEI, ARB and β-blockers can prevent post-AMI cardiac remodelling, and further preserve better cardiac function. 44 Fourth, all the medications mentioned above can reduce the associated cardiovascular disease risks by controlling metabolic disease. The intergroup differences over lower PCI rates and less use of medications could cause the mortality difference by themselves without related HCV infection. The low PCI rate and use of life-saving medication in patients with cirrhosis could be explained by the following. End-stage liver disease was shown to be associated with thrombocytopenia and coagulopathy predisposing patients to bleeding complications, especially those with oesophageal varices. 45 46 Furthermore, previous studies have shown that most patients with end-stage liver disease have higher international normalised ratios (INRs), high creatinine values and lower haemoglobin levels. 45 46 These patients with cirrhosis might suffer from a higher frequency of periprocedural bleeding, pseudoaneurysm formation and the need for blood products. 45 46 Several studies have discussed the correlation between sex and outcomes in patients with liver disease. In a southern Sweden 10-year population-based study, female patients with liver cirrhosis had better prognosis than their male counterparts. 47 In a Centers for Disease Control 2013 surveillance, the HCV-related mortality rate for male patients was approximately 2.6 times that for female patients. 48 However, no previous studies showed the impact of sex on patients with AMI with HCV. Our study was the first to show that HCV infection influenced long-term mortality in male patients but not in female patients. Previous studies showed that spontaneous resolution was more common in female patients with HCV, 49 50 which might be part of the reason for the difference.
Interestingly, our study showed that antiplatelets and statins were less frequently used in the HCV group than in the control group, which is consistent with the findings of a recent study. 34 The low use of antiplatelet medications and statins in patients with HCV could be secondary to physician concerns regarding liver disease and bleeding risk in these patients. 33 34 Furthermore, several studies reported that patients with HCV tended to have low cholesterol and low-density lipoprotein levels, which might partially explain the low prescription of statins. 17 29 32 33 51-53 Therefore, to unveil the real weight over each individual factor, Cox proportional hazards regression analysis was used to adjust for possible confounding factors including antiplatelets and statins. After the analysis, HCV infection (HR 1.12; 95% CI 1.06 to 1.18; table 2) still played a critical role in the long-term mortality of patients with AMI.
The present study has some limitations. First, it was retrospective in design. Therefore, to minimise confounding factors between the HCV and control groups, we used a propensity score-matching technique and found that the characteristics of the controls and the Open Access patients with HCV but without cirrhosis did not differ. Matching of the groups further supports the results. Second, ICD-9-CM codes for diagnosis of HCV infection were made by positive anti-HCV serology test in NHIRD databases. Previous studies showed the validity of adopting the positive anti-HCV serology result as positive HCV infection was accepted and confirmed. [54] [55] [56] However the database did not provide available confirmatory viral load, which may have slightly underestimated the HCV-infected population. However, the major strength of this study is that the data were obtained from NHIRD, which include data for approximately 23 000 000 patients over the past 12 years and are representative of the general population in Taiwan. Third, the database used here does not include data on family history; actual cause of death; body weight; body height; smoking history; lipid and viral load, and glucose levels; all are potential confounding factors. Fourth, there was no information on the burden of atherosclerosis assessed using coronary angiography or intracoronary ultrasonography. However, previous studies validated the AMI data in the NHIRD of Taiwan and confirmed the validity of its use for cardiovascular diseases. 35 39 ConClusIon HCV infection was demonstrated to influence the 12-year mortality of patients after AMI in this study. Additionally, the mortality rate was higher among the patients with HCV infection and liver cirrhosis. Furthermore, HCV Figure 2 Forest plot evaluating the impact of HCV in different subgroups of patients after the first AMI. HCV infection influenced the long-term outcomes of subgroups of male patients, those with hypertension and those without peripheral vascular disease, previous stroke or chronic obstructive pulmonary disease. AMI, acute myocardial infarction; HCV, hepatitis C virus; PCI, percutaneous coronary intervention.
Open Access infection influenced the long-term outcomes of patients after AMI among the subgroups of male patients and those with hypertension. Therefore, physicians should be aware of the impact of HCV infection in patients with AMI when choosing treatment strategies.
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